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Who Is the RPC?

Acronym: Radiological Physics Center

Location: M D Anderson Cancer Center In
Houston, TX

Funding: Grant from National Cancer
Institute (NCI) since 1968

Purpose: Provide radiation quality
assurance for clinical trials funded by NCI
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Purpose of RPC

Provide radiation quality
assurance for clinical trials
funded by NCI




RPC’s Mission Statement

The mission of the Radiological Physics
Center Is to assure NCI, and the
Cooperative Groups that institutions
participating in clinical trials deliver
prescribed radiation doses that are
clinically comparable and consistent.




How?

Assessing the institutions’ radiotherapy
programs.

Helping institutions implement remedial
actions.

Assisting the study groups in developing
protocols and QA procedures.

Summarizing our findings for the radiation
therapy community.




Aims of the RPC

Provide assurance of constancy of basic
machine calibration.

Provide assurance of validity of treatment
planning data.

Provide assurance of consistency of
treatment records.

Provide credentialing for advanced
technology procedures.
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Dosimetrists

Review charts from  Check patient
study groups. records for
accuracy and
protocol compliance

e Credentialing

 Knowledge
assessments
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Significance

Clinical Trials Degraded by
Small Dose Discrepancies




Significance

Calibration Calculatlon

Clinical Trials Degra Jed by

Small Dose Discrepaneies

Phantom
Treatment
Errors




Impact

All patients treated at an Institution on a
particular accelerator(s).

QA publications available to all physicists.

Will help physicists with calibration
problems regardless of trial participation.

Resource to the physics community.
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The RPC Review

Independent and comprehensive review
of patient treatment records.




Brachytherapy Review

n-house and commercial software
_ocate sources on films/CT images

ndependently defining points of
calculation

Measured source activity
Actual dwell times or length of implant




Agreement Criteria

» + 15% difference in dose agreement

e Established in early 1970s by RPC and
radiation oncologists at a GOG meeting.




Chart Reviews for Groups

GOG (Gynecological Oncology Group)

NCCTG (North Central Cancer Treatment
Group

NSABP (National Surgical Adjuvant
Breast and Bowel Project)

RTOG (Radiation Therapy Oncology
Group)




RPC Software

 Radcomp

e Eclipse




Types of Gynecological
Brachytherapy Reviews

» Tandem and Ring

e Tandem and Ovoids

e Cylinders




Brachytherapy Definitions for
Gynecological Treatments




Points of Calculation

Points A (right and left)

Points B (right and left)

Bladder (ICRU 38)

Rectum (ICRU 38)

Vaginal Surface (ovoids and cylinders)




Point A (ICRU-38)

Defined as 2 cm along the intrauterine tandem in
the superior direction from the flange, and 2 cm
perpendicular to the tandem In the lateral
direction.




Point B (ICRU-38)

Defined as 2 cm along the intrauterine tandem
In the superior direction from the flange, and 5
cm lateral from the of the patient.




Bladder Reference Point (ICRU-38)

A Foley catheter is used. The balloon must be
filled with 7 cm?® of radio-opaque fluid. The
catheter is pulled downward to bring the
balloon against the urethra . On the lateral
radiograph, the reference point is obtained on an
anterior-posterior line drawn through the center
of the balloon . The reference point is taken on
this line at the posterior surface of the

balloon . On the AP radiograph the reference
point is taken at the center of the balloon




ICRU drawing

Description of ICRU Bladder/Rectum Reference
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Rectal Reference Point (ICRU-38)

On the lateral radiograph, an anteroposterior line s
drawn from the inferior end of the intrauterine sources or
from the middle of the intravaginal sources . The point
Is located on this line 5 mm behind the posterior

vaginal wall . The posterior vaginal wall is visualized,
depending upon the technique, by means of an
Intravaginal mould or by opacification of the vaginal
cavity with a radio-opaque gauze used for the packing.
On the AP radiograph, this reference point is at the
Inferior end of the intrauterine sources or at the middle
of the intravaginal source(s)




Diagram of ICRU Point

Description of ICRU Bladder/Rectum Reference
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Diagram of Rectal Point




Vaginal Surface Dose

Defined as either

e A point lateral to the center of the

source(s) at 0.5 cm from the surface of the
cylinder, or

 The dose at the surface of the ovoid with
respect to the center of the source(s).




Diagram of Vaginal Surface Point
(Cylinder)
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Diagram of Vaginal Surface Point
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Common Dosimetric Errors for
Each Point of Calculation




Point A Errors




Point A

. Incorrectly determining the location of the
external os.
. Using a distance other than 2 cm from

the tandem to define point A.




Point A
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Point A Differences

2. Defining Point A at 1.5 cm from tandem.




Point B Errors




Common Errors for Point B

Incorrectly marking location of external os.

Determining the point on a line perpendicular
to the tandem rather than from the midline of
the patient.

Using a distance other than 5 cm from the
midline to define the point.

Determining the point at the pelvic brim rather
than at 5 cm from the midline of the patient.




Common Errors for Point B

1. External Os location: If the external os Is
not located correctly, then the internal os
will be off, and Point B will be incorrect.

int 0S
x/
/ext oS

X




Common Errors for Point B

2. Measuring from tandem rather than
midline Is the most common error.

Midline 4* <—Tandem

X X
) ——




Magnitude of Error
Midline vs Tandem

 B;: Midline (140 cGy)
Tandem (190 cGy)

« B, : Midline (260 cGy)
Tandem (185 cGy)




Common Errors for Point B

3. A distance of 6 cm Is used instead of 5
cm from midline.

Midline —




Magnitude of Error
6 CcmyvsScm

Br: 5cm (175 cGy)
6 cm (125 cGy)

B.: 5cm (210 cGy)
6 cm (150 cGy)




Common Errors for Point B

4. Pelvic brim is used rather than 5 cm.

Midline ——

Sl

Pelvic Brim




Magnitude of Error
Pelvic Brim Used

B,: B location (200 cGy)
Brim (105 cGy)

B,: B location (180 cGy)
Brim (125 cGy)




Bladder Point Errors



Common Bladder Point Errors

1. was , therefore the
ICRU bladder point cannot be located.

2. On the lateral view, the point was

placed on the
proximal to the implant.

3. Onthe AP view, the point was placed
at the



Bladder Point Errors

1. When contrast is not used, then the
ICRU bladder point cannot be located.



Bladder Point Errors
Example of No Contrast



Bladder Point Errors
ICRU Point Not at Center of Bladder

2. Lateral view, point Is not placed at the
midpoint of the bladder wall.

3. AP view, point is not placed at the center
of the bladder.



Bladder Point Errors
ICRU Point Not at Center
of Bladder on AP View



Bladder Point Errors
ICRU Point Not at Midpoint
of Bladder Wall on Lateral View

Blé
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Magnitude of Error

Dose Point Not at Midpoint
of Bladder Wall

e Dose for B;: ICRU (390 cGy)
Bladder 1 (360 cGy)

e Dose for B,: ICRU (390 cGy)
Bladder 2 (310 cGy)




Rectal Point Errors



Rectal Point Errors

Radio-opaque , or other vaginal
contrast, was

or contrast
were used to determine the rectal point.

. A distance other than from the

vaginal wall was used to define the point.

Rectal point sources
Instead of midpoint of ovoid sources.



Rectal Point Errors

1. When radio-opague gauze Is not used,
then there Is no way to tell if the ICRU
rectal point should be moved further
away from the edge of the ovolids.



Rectal Point Errors
Use of Gauze

)
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Rectal Point Errors

2. Often the Institution’s own rectal markers
are used to determine the rectal point.

— Protocol says that the institution’s rectal
markers are to be ignored.



Rectal Point Errors
Correct Placement vs Incorrect



Rectal Point Errors

3. Incorrect distance from vaginal wall
used. Sometimes a distance other than 5
mm Is used to mark the rectal point.



Rectal Point Errors
Examples of Incorrect Placement



Rectal Point Errors

4. ICRU Rectal point not at center of ovoids

— Often the rectal point is chosen off a line
extending from the sources.

— Should be chosen at the midpoint of the
source “line”.



Incorrect Rectal Point

\
Source Line



Vaginal Surface Errors



Vaginal Surface Errors

1. Defined at a point other than 5 mm from
the surface of the cylinder.

2. Defined at a distance rather than on the
surface of ovoid.



Vaginal Surface Errors
Dose Not at Surface



Vaginal Surface Errors
Magnitude of Errors

e Dose at surface:

e Dose at 0.5 cm away:

e Dose at 1 cm away:



CT Image Based
Planning Errors



CT Image Based Planning Errors
Tilt of Images

To view the sources, the CT images need
to be aligned by tilting the patient axis.



CT Image Based Planning Errors
Straight Profile



CT Image Based Planning Errors
Tilted Profile



CT Image Based Planning Errors
Common Error Made

Before defining the ICRU rectal and
bladder points, the tilt must be returned to
a “true” coronal and sagittal view.




Planning Only One HDR
Implant

1 out of 5 fractions?



How many implants to plan?

« Many institutions will plan only the 15t of
several HDR implants.

e The RPC believes this



Results of HDR study

 The RPC did a study to compare how well
each subsequent insertion agreed with the
15t insertion for points A, B, bladder and
rectum.

e Data was compiled for 16 applications
using tandem and ring and 56 applications
using tandem and ovolids.





















Plan more than one HDR?

* In summary, although the physical
geometry of the applicators may appear
fixed, It is difficult to replicate an internal
geometry from one insertion to another.

e Dosimetric errors at one or more of the
dose points for subsequent insertions may
be significant.
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Conclusions

« The RPC’s efforts (via independent and
comprehensive reviews of patient treatment
records) has yielded significant findings of
brachytherapy dose errors reported to study
groups for cervical-based protocols.

 The impact of the RPC’s reportings is highly
regarded in aiding the radiotherapy
community, and improving patient care.



